Data on the incidence and natural history of diverticulitis are largely hospital-based and exclude the majority of diverticulitis patients, who are treated in an outpatient setting for uncomplicated diverticulitis. We assessed temporal trends in the epidemiology of diverticulitis in the general population.
INTRODUCTION
Colonic diverticulosis is common, particularly in elderly persons ( 1, 2 ) . Although earlier studies suggested that up to 20% of people with diverticulosis develop diverticulitis ( 3 ), a more recent prospective study observed that the cumulative probability of developing diverticulitis was only 4% ( 4 ) . Together with diverticular hemorrhage, diverticulitis is the most common gastrointestinal diagnosis in US hospitals ( 5 ) . Between 1998 and 2005, hospital admissions and elective operations for diverticulitis increased by 26% and 29%, respectively, and by >70% each in patients younger than 45 years ( 6 ) . Th ese trends, also reported elsewhere (7) (8) (9) (10) , are of concern. Indeed, it has been estimated that ∼ 16% of patients hospitalized for acute diverticulitis will undergo surgery for the same ( 11 ) . However, as acknowledged in these studies ( 6 ) and a recent systematic review ( 11 ) , they exclude most patients with uncomplicated disease, who are treated successfully with oral Temporal Trends in the Incidence and Natural History of Diverticulitis: A Population-Based Study antibiotics in outpatient care ( 3 ) . Except for one report from the United Kingdom ( 12 ) , most studies on the epidemiology of diverticulitis are based on hospitalized patients. Hence, it is unclear, as posed previously ( 13 ) , whether these temporal trends refl ect true changes in the epidemiology of diverticulitis or simply temporal changes in practice patterns.
Aft er resolution of acute diverticulitis, the natural history, or risk of recurrent diverticulitis and complications, guides the need for elective surgery ( 12 ) . Recurrent diverticulitis occurs in 13-23% of people with uncomplicated and up to 40% of those with complicated diverticulitis ( 3 ). However, there are confl icting data on the risk of recurrent or complicated diverticulitis in younger vs. older people ( 14, 15 ) . Some, but not all, studies have reported more severe disease and a greater incidence of complications in young patients (16) (17) (18) (19) . A meta-analysis concluded that although the disease course is not diff erent in younger patients, it tends to recur more oft en ( 15 ) . Absent population-based data ( 12 ) , several management guidelines are not strongly evidencebased, which limits their interpretation and conclusions ( 11 ) . For example, the American Society of Colorectal Surgeons (ASCRS) recommends elective colectomy aft er recovery from an episode of complicated diverticulitis, and its stance against routine elective colonic resection aft er diverticulitis in younger people is supported by moderate-and low-quality evidence, respectively ( 3 ) . In contrast, the American College of Gastroenterology and the World Gastroenterology Organization practice guidelines for diverticular disease suggest that elective surgery aft er one episode of uncomplicated diverticulitis may be "reasonably considered" in younger patients ( 20, 21 ) . A better understanding of the epidemiology of diverticulitis in the population is necessary to guide its management appropriately and to plan future health care needs, particularly as the population ages. Th erefore, we examined secular trends in the incidence and severity of diverticulitis among Olmsted County, Minnesota residents from 1 January 1980 to 31 December 2007, taking advantage of the population-based data resources of the Rochester Epidemiology Project ( 22 ) .
METHODS

Setting
Medical care in Olmsted County is virtually self-contained within the community, thus allowing population-based epidemiologic research on the burden of diverse diseases. County residents obtain medical care almost exclusively from Mayo Clinic and Olmsted Medical Center. Both organizations are integrated health care systems with outpatient and inpatient facilities. Mayo Clinic and its affi liated hospital (Mayo Clinic Hospital-Rochester) have maintained medical records for >100 years that contain inpatient and outpatient data with indexed diagnoses ( 23 ) . Th e medical records of the other providers who serve the local population are also indexed by the Rochester Epidemiology Project, providing a rich resource for documenting the epidemiology of several medical conditions ( 24 ) . Th e population is relatively stable, particularly among older people.
Identifi cation of patients
Following approval by the Institutional Review Boards of Mayo Clinic and Olmsted Medical Center, the Rochester Epidemiology Project database was used to identify all Olmsted County residents who had a diagnosis of diverticulitis from 1 January 1980 through 31 December 2007. Patients who refused to authorize the use of their medical records for research were excluded from the study. As described previously for other conditions (25) (26) (27) , diagnoses, local and systemic complications, and surgical procedures for diverticulitis were identifi ed electronically using the Berkson coding system from 1 January 1980 through 31 To verify the accuracy of the diagnoses obtained from the electronic database, physicians reviewed the medical records of a random sample of 100 patients with index diverticulitis (G.P.); all patients with complicated diverticulitis (O.E.); diverticulitis diagnosed on two or more occasions (G.P.); and all surgeries for diverticulitis (R.P. and G.P.). All 100 index patients satisfi ed ASCRS clinical criteria for sigmoid diverticulitis ( 3 ), i.e., acuteonset abdominal pain and left lower quadrant tenderness on examination; however, surgery disclosed acute appendicitis in one patient. In addition, 73 patients had at least 1 additional characteristic, including leukocytosis ( n =45), evidence of diverticulitis at computed tomography (CT; n =44), and/or fever ( n =20). Among patients with recurrent diverticulitis, resolution of infl ammation was documented by clinical features aft er the prior episode.
CT for diverticulitis
Increased use of abdominal CT may aff ect temporal trends in the incidence of acute diverticulitis ( 28 ) . Hence, an experienced radiologist (J.G.F.) reviewed the abdominal CT scans of all 897 Olmsted County residents in whom the procedure was indicated for evaluation of diverticulitis at Mayo Clinic from 1 January 1997 (which is when the institutional electronic database of radiologic examinations commenced) through 31 December 2007. Th e CT criteria for diverticulitis were thickening of the colonic wall (≥4 mm) with signs of infl ammation of pericolonic fat (i.e., hypervascularization or pericolic edema) with or without abscess formation or contained/free perforation ( 29 ) , as well as the exclusion of other processes causing these imaging fi ndings by the gastrointestinal radiologist.
Statistical analysis
Th e incidence of index diverticulitis was estimated by considering the entire population of Olmsted County to be at risk; the denominator (i.e., age-and sex-specifi c person-years) was derived from decennial census data with linear interpolation between census years ( 30 ) . Because the Olmsted County population is similar to the white population of this country, the incidence rates were directly age-and sex-adjusted to the United States white population in 2000 ( 31 ) . Estimates of standard errors (s.e.) and 95% confi dence intervals (CI) assumed that the incidence COLON/SMALL BOWEL Temporal Trends in Diverticulitis episodes followed a Poisson distribution ( 30 ) . Temporal trends in the incidence rates were analyzed for three calendar periods (1980-1989, 1990-1999, and 2000-2007) . A Poisson regression model assessed the association of age, sex, and calendar period with the observed incidence rates. A linear regression model was used to assess the number of patients who had a CT scan for suspected diverticulitis, using an arcsine squareroot transformation of the observed proportions. Th e Cochran-Armitage trend test was used to assess temporal trends in the utilization of CT of the abdomen to diagnose diverticulitis. Th e Kaplan-Meier method was used to estimate the cumulative risk (one minus survival free) of any complication, risk of each type of complication, risk of recurrent diverticulitis, and overall survival. Th e 95% CI was estimated using the log transform method (with modifi ed lower limit). Cox proportional hazards regression was used to assess the association of time to complication, time to recurrence, and time to surgery with age, sex, and calendar period. Development of a complication and development of a recurrence were treated as time-dependent covariates, and their associations with time to recurrence and time to complication, respectively, were assessed.
RESULTS
During the 27-year study period, 1980-2007, 3,222 people had an initial (index) diagnosis of diverticulitis; 56% were women; and the mean age was 62±16 years.
Temporal trends in the incidence of diverticulitis
Th e incidence (per 100,000 person-years) was 115 in 1980-1989, increased by 7% to 123 in 1990-1999 ( P <0.001), and increased thereaft er by 53% to 188 in 2000-2007 ( P <0.001). Similar trends were observed in men and women ( P =0.10). Th e age-and sexadjusted (to the US white population in the year 2000) incidence rates also increased aft er the year 2000, reaching a peak of 245 patients per 100,000 in 2007 ( Figure 1 ).
Temporal trends in the relation between index diverticulitis, age, and sex
Th e age-specifi c incidence of diverticulitis (per 100,000 personyears) increased with age ( P <0.001) from 10 in the second decade of life to 535 in the ninth decade ( Table 1 and Figure 2 ). Although the incidence increased with age in all three calendar periods, the increase over time was greatest among people younger than 50 years ( P <0.001 for age by calendar period interaction) as shown in Figure 2 . Th e age-specifi c incidence rates increased by 85% and 132% in people aged 30-39 years and 40-49 years, respectively, from 1980-1989 to 2000-2007.
Temporal trends in the CT diagnosis of diverticulitis
Among the 3,222 patients, the number of abdominal CT scans to assess for diverticulitis increased by 287%, from 31 in 1997 ( P <0.001) to 120 in 2007 ( Figure 3 ). Of these scans, the number of abdominal CT scans that revealed features of diverticulitis was 17 and 79 in 1997 and 2007, respectively. Th e proportion of scans that demonstrated diverticulitis did not change signifi cantly ( P =0.22) between 1997, i.e., 17/31 (55%) and 2007, i.e., 79/120 (66%). However, because more patients had a CT scan for suspected diverticulitis, the proportion of patients who had CT fi ndings of diverticulitis increased ( P <0.001) from 19% in 1997 to 50% in 2007.
Recurrent diverticulitis
Over the 27-year study period, 635 patients had 1 episode of recurrent diverticulitis, 280 patients had 2 episodes, and 127 patients had 3 episodes. Aft er the index diagnosis of diverticulitis, the cumulative incidence of the fi rst recurrent diverticulitis was 8% at 1 year, 17% at 5 years, and 22% at 10 years ( Figure 4 ). Aft er the second episode of diverticulitis, the cumulative incidence of yet another episode was 19% at 1 year, 44% at 5 years, and 55% at 10 years. Aft er the third episode, the cumulative incidence was 24% at 1 year and 40% at 3 years. Th e risk of the fi rst recurrent episode was univariately associated with age ( P <0.001) and time period ( P <0.001) but not with sex. In the multivariable model, age, sex, and time period were independent predictors of the time to fi rst recurrence. Th e risk of the fi rst recurrent episode was greater in younger people and women and greater between the 1990-1999 and 2000-2007 periods (vs. 1980-1989) ( Table 2 ) .
Among 641 patients who received a CT scan for the diagnosis of their index episode between 1997 and 2007, 433 patients (68%) had CT features of diverticulitis. Th e risk of recurrence was higher in patients with compared to without ( P <0.001) CT features of diverticulitis (hazard ratio (HR) 1.74; 95% CI, 1.12-2.71); see Supplementary Figure S1a online. Th e cumulative incidence of the fi rst recurrent episode 5 years aft er the index episode was 86% in patients with CT-confi rmed diverticulitis, compared with 56% of diverticulitis patients diagnosed without CT confi rmation. Patients with complicated diverticulitis had a mean age of 62.4±16 years, and 54% were women. Sixty-three percent were aged 60 years or older, 31% were 40-59 years, and 7% were younger than 40 years. Survival free of the initial complication was not univariately associated with age, sex, or calendar period. However, among patients with complications, age ( P <0.001), but not sex or calendar period, was univariately associated with the type of complication. In the multivariable analysis, compared with the reference group (i.e., patients with an abscess alone), age was associated with an increased risk of local (odds ratio 1.27 per decade; 95% CI, 1.04-1.57) and systemic (odds ratio 1.83; 95% CI, 1.20-2.80) complications ( Table 2 ). In addition, men had an increased risk of local complications (odds ratio 1.69; 95% CI, 1.07-2.66) relative to women with an abscess. Th e association between calendar period and type of complication was not signifi cant ( P =0.17). Th e risk of a future complication related to diverticulitis was not diff erent in patients with compared to without CT features of diverticulitis at the index episode ( P =0.15) ( Supplementary Figure S1b ) .
Complications of diverticulitis
Surgery for diverticulitis
Surgery for diverticulitis was performed in 454 patients, of whom 250 had complicated diverticulitis; 125 of them had emergency surgery, all for complicated diverticulitis. Because surgery for diverticulitis may have been performed several years aft er the index diagnosis, temporal trends in surgery for diverticulitis were evaluated by analyzing the number of patients that had surgery for diverticulitis expressed as a proportion of all index cases that year. Th is proportion did not change signifi cantly over time ( Supplementary Figure S2 ). In the multivariable analysis, the time to the fi rst operation for diverticulitis was not related to age ( P =0.13), sex ( P =0.56), and year ( P =0.53). Compared with uncomplicated index diverticulitis, the risk of recurrent diverticulitis was not diff erent in patients who were treated without surgery for a complication of diverticulitis that occurred either during or subsequent to the index episode but before recurrent diverticulitis (HR 0.90; 95% CI, 0.62-1.30) but was signifi cantly lower in complicated cases who underwent surgery (HR 0.20; 95% CI, 0.09-0.46) as shown in Figure 5a . Excluding patients who had a complication related to the index episode, the time to fi rst complication was longer, i.e., the risk of a complication was lower (HR 0.53; 95% CI, 0.37-0.76), in patients who had recurrent diverticulitis ( Figure 5b ). Among 37 patients who had a recurrence aft er a complication, none of them had a subsequent complication.
Survival after diverticulitis
Of 3,222 patients, 1,720 had zero follow-up. Survival aft er diverticulitis was not signifi cantly diff erent from the expected survival for a similar (i.e., Minnesota white) population ( P =0.78). However, among people with diverticulitis, the risk of death was greater in older people (HR per decade 2.12; 95% CI, 2.00-2.25), greater in men than women (HR 1.57; 95% CI, 1.37-1.80), and greater in the more recent calendar periods. Th us, compared with the 1980-1989 period, the HRs adjusted for age and sex were 1.34 (95% CI, 1.15-1.56) in 1990-1999 and 1.87 (95% CI, 1.50-2.33) in 2000-2007. To obviate the confounding eff ect of diff erences in the duration of follow-up amongst epochs, 5-year survival was also estimated. Th e diff erences in observed survival aft er the diagnosis of diverticulitis across calendar periods were relatively small, and the estimated 5-year survival rates were 0.71, 0.69, and 0.65 for patients diagnosed in 1980-1989, 1990-1999, and 2000-2007, respectively. Compared with patients without complicated diverticulitis, patients with complicated diverticulitis had a greater risk of death (HR 1.36; 95% CI, 1.14-1.62) as shown in Supplementary
Relation between recurrent diverticulitis and complications
Of 386 patients with a complication, 286 had no preceding episodes of diverticulitis ( Supplementary Figure S3 ) . Complications were more oft en related to the index episode than to recurrent diverticulitis (McNemar test, P <0.001). First episode to first recurrence First to second recurrence Second to third recurrence Time, y Recurrence probability Bharucha et al.
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. Th e estimated 5-year survival rates were 0.65 and 0.68 in patients with and without complications, respectively.
DISCUSSION
Systematic searches of the MEDLINE and PubMed databases using the key words "diverticulitis" and "population or community" and the key words "diverticulitis" and "United States" suggest that this is the fi rst comprehensive population-based study on diverticulitis in this country. Such data provide a more accurate perspective on temporal trends in the incidence and natural history (complications, recurrence rate, and surgery) of acute diverticulitis in the population (outpatients and inpatients combined) than do hospital series, which are distorted by referral of the most severely aff ected patients. Th e incidence of diverticulitis was stable between the 1980-1989 and 1990-1997 periods but increased by 53% during the 2000-2007 period, which exceeds the 26% increase in hospitalization for diverticulitis seen in the United States between 1998 and 2005 ( 6 ). In contrast to earlier studies, the utilization of surgery for diverticulitis did not change over time ( 6 ) . Th e proportion of patients with CT fi ndings of diverticulitis increased from 19% in 2000 to 50% in 2007, suggesting that increased use of CT may partly, but not entirely, explain the increased incidence of diverticulitis. Similarly, the National Hospital Ambulatory Medical Care Survey observed that the use of CT to investigate unexplained abdominal pain in the emergency department increased aft er the year 2001 ( 32 ) . Consistent with consensus guidelines and clinical practice, diverticulitis was diagnosed by clinical criteria alone. Although CT is very sensitive and specifi c for diagnosing diverticulitis, it has been suggested that CT may not be as diagnostic in early or mild diverticulitis. Also, temporal trends in the utilization of CT would confound the estimated incidence of CT-confi rmed diverticulitis. Of interest, the proportion, among a subset of 100 patients, who had leukocytosis (45%) and fever (20%) was similar to the corresponding proportions among patients with clinical features and CT fi ndings of uncomplicated diverticulitis ( 33 ) . Nonetheless the estimated incidence of disease in this study is probably an upper limit estimate that is likely higher than the incidence of CT-confi rmed diverticulitis.
Although the incidence of diverticulitis was, as observed previously, greatest among elderly persons ( 6,34 ), the temporal increase was more pronounced in younger people, by 125, 85, and 132% in people aged 18-29, 30-39, and 40-49 years, respectively. Whether these fi ndings are related to underlying diff erences in the pathogenesis of diverticulosis in younger people is unknown. Th e prevalence of low dietary fi ber intake and obesity, both putative risk factors for diverticulitis ( 35, 36 ) has increased in young adults and children over the last decade (37) (38) (39) . Th is may perhaps contribute to the increased incidence of diverticulitis in the younger age groups over time. However, younger persons with diverticulitis had a lower risk of local and systemic complications. Th erefore, our observations suggest that the previously observed, disproportionately greater temporal increase in hospitalization for diverticulitis in younger people ( 13 ) is more likely explained by an increased incidence of diverticulitis than by more severe disease.
Th e incidence of recurrent diverticulitis was 17% at 5 years aft er the index episode, which is comparable to the estimated risk of 13-23% previously reported in the literature ( 3 ). Th is risk was greater in younger people, in women, and in patients with CT-confi rmed diverticulitis. Aft er the second and third episodes, the risk of recurrent diverticulitis was higher: 44% at 5 years and 40% at 3 years, respectively. However, the precise clinical features in index and recurrent cases were not compared.
Only 12% of patients had a complication of diverticulitis, which is less than the estimated prevalence of 20% in a systematic review and likely because our study was based on a community population rather than more selected populations as in other studies ( 19 ) . Of complications, 60% were related to the index episodes. Similar to a study from the United Kingdom ( 12 ), recurrent diverticulitis was not associated with an increased risk of complications. Th e proportion of patients with complications treated with emergency (125 of 386 patients (32%)) and elective (125 of 386 patients (32%)) surgery was similar to a previous meta-analysis ( 40 ) . Compared with uncomplicated index diverticulitis, the risk of recurrence was lower in complicated patients treated operatively, but did not diff er signifi cantly compared with complicated patients treated non-operatively. Th ese fi ndings support retrospective studies that suggest that expectant non-operative management is safe in complicated diverticulitis (41) (42) (43) , and they raise questions about the recommendation to "typically" consider elective colectomy aft er an episode of complicated diverticulitis ( 3 ) . Although data were not suffi cient to evaluate outcomes by complication type in the 
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WHAT IS CURRENT KNOWLEDGE ✓ Our understanding of the incidence and natural history of diverticulitis is almost entirely based on hospitalized patients-hence ignores the vast majority of patients with uncomplicated diverticulitis who are treated as outpatients.
✓ The rates of hospital admissions and elective surgeries for diverticulitis have been increasing, particularly among younger people.
✓ The risk of recurrent diverticulitis is higher after complicated than after uncomplicated diverticulitis.
✓ There are confl icting data on the risk of recurrent or complicated diverticulitis in younger, compared with older people.
WHAT IS NEW HERE
✓ This is the fi rst comprehensive, population-based study of diverticulitis in the United States.
✓ The incidence of diverticulitis has increased by 50% since 2000 and more so in younger people.
✓ Recurrent diverticulitis did not increase the risk of subsequent complications and complications did not increase the risk of recurrent diverticulitis.
✓ These fi ndings question the recommendation to "typically" consider elective colectomy after an episode of complicated diverticulitis.
✓ Supports the need to individualize elective surgery after recurrent diverticulitis.
✓ Younger people with diverticulitis had less severe disease, greater recurrence, and better survival.
✓ Provides evidence to support the recommendation against routine elective resection in younger patients.
present study, surgery is generally necessary for symptomatic relief in patients with fi stula or stricture ( 3 ). Survival was not signifi cantly diff erent among the diverticulitis patients compared with the white population of Minnesota generally. Among patients with diverticulitis, survival was lower in men, older people, and persons who received the diagnosis in 2000-2007 than in the previous time periods. Survival was lower among patients with compared to without complications of diverticulitis ( 12 ) . Th e causes of death and the prevalence of other comorbid conditions were not studied.
Using the Rochester Epidemiology Project, we could identify diverticulitis in all patients in Olmsted County regardless of whether they were treated as outpatients or inpatients. Although we verifi ed the accuracy of electronic coding for identifying diverticulitis, its complications, and surgery, the clinical diagnosis of diverticulitis may have been inaccurate in some patients ( 28 ) . Th e relationship between obesity and the course of diverticulitis was not assessed ( 35, 44 ) . Th e incidence of irritable bowel syndrome aft er diverticulitis was not assessed ( 45, 46 ) . Moreover, although outmigration rates for this population are low, it is conceivable that some patients with diverticulitis had a complication at a medical center outside Olmsted County that was not refl ected in community medical records. However, such errors should not vary over time.
In conclusion, the incidence of diverticulitis has increased in 2000-2007 compared with 1990-1999, particularly among younger people. Of patients with diverticulitis, only 12% had complications. Recurrent diverticulitis was common and more so in younger people. However, younger people also had less severe diverticulitis and longer survival thereaft er. Th e risk of complications was lower in recurrent diverticulitis. Among patients with complicated diverticulitis treated conservatively, the risk of recurrence was not greater than in uncomplicated diverticulitis. Taken together, these observations counter the recommendation that elective surgery is a "reasonable option" aft er a single episode of diverticulitis in young patients ( 20, 21 ) . Rather, they provide additional evidence, which currently is "low, " to support the recommendation that "routine elective resection based on young age (<50 years) is no longer recommended" for acute diverticulitis ( 3 ).
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